Cloud vertical structure, including top and base altitudes, thickness of cloud layers, 7 and the vertical distribution of multi-layer clouds affects the large-scale atmosphere 8 circulation by altering gradients in the total diabatic heating/cooling and latent heat release. In 9 this study, long-term (11 years) observations of high vertical resolution radiosondes are used 10 to obtain the cloud vertical structure over a tropical station, Gadanki (13.5 o N, 79.2 o E), India.
Introduction
processes involved, the vast amount of information needed, including vertical and spatial 42 distribution, and the uncertainty associated with the available data, all add difficulties to 43 determine how clouds contribute to climate change (e.g., Heintzenberg and Charlson, 2009 ). 44 In particular, knowledge about cloud type is very important, because the overall impact of 45 clouds on the Earth's energy budget is difficult to estimate, as it involves two opposite effects 46 depending on cloud type (Naud et al., 2003) . Low, highly reflective clouds tend to cool the 47 surface, whereas high, semi-transparent clouds tend to warm it, because they let much of the 48 shortwave radiation through but are opaque to the longwave radiation. Whereas deep 49 convective clouds (DCCs) neither warm nor cool the surface, because their cloud greenhouse 50 3 and albedo forcing's nearly balance. However, DCCs produce fast vertical transport, 51 redistribute water vapor and chemical constituents, and influence the thermal structure of the 52 Upper Troposphere and Lower Stratosphere (UTLS) (Biondi et al., 2012) . 53 Changes in the cloud vertical structure (locations of cloud top and base, number and 54 thickness of cloud layers) affect the atmospheric circulations by modifying the distribution of 55 radiative and latent heating rates within the atmosphere (e.g., Slingo and Slingo, 1988; (Wang et al., 2000) are usually applied to observe the CVS. Ground-based 76 instruments such as lidar, cloud radar and ceilometers provide cloud measurements with 77 continuous temporal coverage. Lidars and ceilometers are very efficient in detecting clouds 78 and can locate the bottom of cloud layer precisely, but cannot usually detect the cloud top, 79 due to attenuation of the beam within the cloud. The vertically pointing cloud radar is able to 80 detect the cloud top, although signal artifacts can cause difficulties during precipitation 81 (Nowak et al., 2008 The objective of this study is to examine the temperature structure of UTLS region during 136 the occurrence of single-layer and multi-layer clouds over Gadanki location (13.5 o N, 79.2 o 137 E). In the first, we focus to report the CVS using long-term (11 years) high vertical resolution 138 radiosondes observations. The paper is organized as follows: data and methodology are 139 described in Section 2. In Section 3, background weather conditions during the period of 140 analysis are described. Results and discussion are given in Section 4. Finally, the summary 141 and major conclusion drawn from the present study is provided in Section 5. ). There seem to be weak easterlies between 14-20 km altitude during the pre-monsoon. 290 During the monsoon season low level westerlies exist below 7-8 km and easterlies above. 291 The Tropical Easterly Jet (TEJ) is prevalent over this region in the SW monsoon season, with (Figure 6(a-b) ). The minimum in one-layer cloud thickness at 14 346 LT is due to the increase of cloud base altitude and simultaneous decrease of cloud top 347 altitude. There is not much variability in thickness of one-layer clouds during post-monsoon 348 and winter seasons ( Figure 6(c-d) ). Figure 7(a-d) and Figure S1 in thickness at 23 LT and minimum at 11 LT during monsoon season (Figure 7(b) ). 354 The cloud maintenance and development are strongly modulated by diabatic processes, (Figures 7a, 7b, 7d and S1a). This effect is predominant during winter season for two layer 369 clouds ( Figure 7d ) and during pre-monsoon season for three-layer clouds ( Figure S1a ). As the 370 sun sets, LW radiative cooling starts to dominate over shortwave (SW) radiative warming. (Figures 6b, 7b , S1b). We conclude that diurnal variability in base, top and thickness for 377 single-layer, two-layer and, three-layer clouds are significant. Hence there can be a bias in 378 cloud vertical structure when we are studying the composite over a season by using polar 379 satellites. 380 Next Section, we show the seasonal variability in cloud layers using long-term (11 years) 381 observations of high vertical resolution radiosonde over Gadanki. Note that most of these 382 radiosondes were launched around 1730 LT hence there will be bias in the results due to 383 diurnal variability of cloud layers which we have discussed above. Hence the results related 384 to seasonal variability of cloud layers are only representative of 1730 LT. bimodal distribution. However, the first peak in cloud base altitude is observed at ~14 km 395 while the second maximum is at 2 km. 396 The cloud top altitude increases above 12 km altitude and have a maximum at 12.5 km in 397 all seasons (Figure 8b ). Note that we restrict maximum altitude as 12.5 km due to limitation 398 in providing reliable water vapor above that altitude from normal radiosondes. At lower 399 altitudes, during the monsoon season the peak in cloud top altitude is at 2.9 km and it 400 increases to 3.3 km during the post-monsoon season. However we have also checked the 401 cloud vertical structure till 18 km. There is no significant difference in the cloud base and 402 cloud top altitude distribution (See Figure S2) than 2 km and thicknesses greater than 6 km. These four types of clouds account for 11.97%, 420 26.71%, 59.36% and 1.95% of all cloudy cases, respectively. Figure 9 (Figures 4a and 4b) . Figure 14 . The temperature differences between the cloudy (single-, two-, three-586 , four or more-layer) and clear sky conditions are shown with dash lines in Figure 14 . The 587 striking result here is that occurrence of peak cooling (peak warming) below (above) the Cold 588 Point Tropopause (CPT) altitude. The magnitude of cooling (warming) increases from single-589 layer to four or more-layer cloud occurrence. The peak cooling and warming during four or 590 more-layer cloud occurrence are 0.9 K (at 15.7 km) and 3.6 K (at 18.1 K). Both single-layer 591 and multi-layer clouds shows warming between 5 km and 14.5 km altitude region. The peak 592 warming of 0.8 K at 9.5 km for single-layer cloud, and 1.3 K at 10.2 K for multi-layer clouds 593 are observed and these altitudes are close to the cloud top altitude of single layer cloud and 594 top layer of multi-layer clouds ( Table 2 ). The detailed study on the impact of single-layer and 595 multi-layer clouds on UTLS dynamics and thermodynamics structure will be investigated in 596 our subsequent article including their radiative forcing. 
